I. INTRODUCTION
The single-phase grounding fault happens frequently in distribution network, approximately accounts for 80% of the total number of faults, so it has signality on the fast and accurate fault location. The literature [1] supposes that the grounding impedance is a pure resistance. The function between grounding resistance and the sequence current of the head terminal can be constructed by using the voltages and currents of the head terminal, according to condition that the module value and phase angle of positive sequence, negative sequence and zero sequence current are equal at fault point, then the fault distance is calculated. The method proposed in literature [2] is not limited whether grounding impedance is the pure resistance. The location function can be constructed according to the module value and phase angle of positive sequence, negative sequence and zero sequence current are equal at fault point, the fault distance is calculated. But these two methods are based on the single-terminal, unable to overcome the influence of transition resistance on its location precision in theory. In recent years, because the GPS and the WAMS based on GPS are applied widely in electric power system, fault location with data synchronization between two terminals has become more attractive in application, a new fault location method based on the synchronizing information is put forward in this paper. Through a lot of computer simulations using the MATLAB and field experiment, the accuracy and the feasibility of this method have been confirmed.
II. BUILDING DISTRIBUTED PARAMETERS MODEL

Fig. 1 Transmission line diagram
For the uniformity transmission line, the reference direction of voltages and currents are shown in Fig. 1 .
The voltage and the current of two ends have the uniform reference datum.
As we have known the head terminal voltage U 1 and current I 1 , the voltage and current of the fault point can be derived while the distance between the fault point and line head terminal is x. The equation is [3] :
The same as before, as we have known the end voltage U 2 and current I 2 , the voltage and current of the point can be derived, the equation is:
In the equations (1) and (2) is the characteristic impedances of line. In the actual electric power system, the distribution line is threephase line. By using the method of symmetrical component generally, we decompose them into the positive, negative and zero sequence components, and then calculated using the above equations. III. TRANSVERSE FAULT CURRENT ANALYSIS As shown in Fig. 2 , on the assumption that three-phase parameters is balanced, the length of line is L, M is the head terminal, N is the end terminal, F is the fault point, a, b and c are the three-phase lines, the single-phase grounding fault happened on a, the ground impedance of the fault point is Z F , x F is the actual distance between fault point and the head terminal of the line. When the three-phase steady-state voltages and currents of two ends are got by using the synchronized sampling, then decompose them into the plus, minus and zero sequence components.
Where:
Assumed that the distance between the fault point F and the head terminal is x. The plus, minus and zero sequence networks can be obtained as shown in Fig. 3 , Z L is the equivalent load impedance. 
The voltage and current of F can be obtained with the formula (2) by terminal N.
Where: So the transverse fault current of the fault point F is:
IV. THE LOCATION METHOD AND THE FORMULA DERIVATION The transverse fault current can be obtained by using the single-terminal information according to the literature [2] , as the following function:
Start from head terminal, we carry on the search computation along the line according to a certain step length, and obtain the minimum value of this function which is thought to be the fault point. This method is called the literature method in the follows. The literature method have been quoted in the project research, but the massive simulation results of this method indicate that the fault point possibly is located in the enormous (or minimum) value, biggest (or smallest) value point of the function P(x) in equation (7) , which has the very large uncertainty and is unable to applied. Subsequently a new location criterion is discovered when the massive simulated data of the literature method are analyzed and studied, the criterion is summarized as follows: The module value of the current poured into the fault point (transverse fault current) F (S) (x) is obtained with the double-end synchronizing information of the faulted line.
The distance which is corresponding to the maximum of this function is fault distance. s=0 ， 1 ， 2, are corresponding to zero, positive and negative sequence components respectively. x 0 , x 1 , x 2 are equal theoretically which are derived from
(x).However, due to the errors of the every aspects in simulations and engineering applications, they are different, so the final result is x=(x 0 +x 1 +x 2 )/3.The new method is called "the maximum of fault currents" in this thesis. Now this criterion is derived by using the mathematical method. , its phase will be changed only, but the size of its mold value will not be changed. We can get equation (10) from equation (9): 
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According to equations (4) and (5), the voltage of the fault point F deduced by the synchronous voltage and current of the two ends of the line should be equal, that is:
Make some suitable transformation to the above equations, we can get: 
Equation (12) is the boundary condition which the fault point must satisfy to, we can get: . The x is x F , which can be known from equation (12).
V. SIMULATION RESULTS AND PRACTICAL RESULTS
A. Simulation Results Now we take a group of simulation as the example. The simulation line is the 10 kV, 20 km distribution line, we can get the synchronization vector of three-phase voltage and current for the two ends of the line according to the fault condition which has been set. We substitute it into the equation (3), and calculate the positive, negative and zero sequence components. 
B. The Field Experiment Verification
The new method called "the maximum of fault currents" is found according to one of requests by the cooperative research project "the development of electric power system state variable wide area measurement system". In order to verify the feasibility of this new method, an artificial line-to-ground fault location experiment to the 35kV line has been carried out in a power supply bureau of Zhejiang. One end of the experiment line whose length is 15.223km is the hydroelectric plant, another end is the substation accessed to the system. The distance between fault point and substation is 5.262 km. The author collects the two-terminal synchronous information by the device "electric power system state variable wide area measurement system", and carries on location analysis with this new method. The location result is that the distance between fault point and substation is 5.355km. The error is 0.093km which accounts for 0.6% of total line length.
C. The Analysis of the Simulation and the Field Experiment Results a) As shown in the simulation results, the location precision of the literature method using the criterion function (7) is greatly influenced by the fault distance and the transition resistance, even sometimes appear the false root situation (direct performance is the increase of location error). The location precision of the new method which is not influenced by the fault distance and the transition resistance using the criterion function (8) is high. The location errors are in ±0.2%. b) In the field experiment, the phase A is directly connected to the iron tower through grounding wire. The grounding resistance is very small, and the state of grounding is stable, so the location result is quite satisfied. In practical application, when the grounding arc light is relatively serious, the precision of the location will be influenced, which needs further study. VI. CONCLUTION The new method for single-phase grounding fault location of distribution network is proved correctness through lots of simulation results and field experiment. 1) The method which is simple, which can calculate the fault location with the voltages and currents of two ends and line parameters, without system parameters of two ends and running states of other sections. 2) By using the voltages and currents signals of two ends, the influence on the location accuracy caused by transition resistance is overcome, the unsolved difficulty of the single-terminal location method is solved.
3) The location accuracy is not influenced by the fault position, and the method can be generalized to the other fault types, such as two-phase grounding short circuit (x F =(x 0 +x 1 +x 2 )/3), two-phase short circuit (x F =(x 1 +x 2 )/2) and three-phase short circuit (x F =x 1 ). 4) The method proposed in this paper is mainly used in fault location of non-branch line, so the next step is improving the location algorithm to implement the fault location of branching line and implement the robustness study of the algorithm by using the synchronous measurement devices in two ends of the distribution line.
